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1 Introduction
In RAN1#83 meeting, followings are agreed for UL transmission [1]:

	Agreement: 

· Proposal for NB-IoT UL

· Single-tone transmissions are supported

· 2 numerologies should be configurable for Single-tone transmission: [3.75]kHz and 15kHz

· A cyclic prefix is inserted

· Frequency domain Sinc pulse shaping in the physical layer description

· Multi-tone transmissions are supported

· Multi-tone transmissions are based on SC-FDMA

· 15 kHz UL subcarrier spacing

· Additional mechanisms for PAPR reduction FFS

· The UE shall indicate the support of Single-tone and/or Multi-tone

· Details to be discussed by WGs


In this contribution, we discuss on frame structure of PUSCH for NB-IoT. Also, we discuss about DM-RS pattern and its sequence design for time domain DM-RS sequence mapping.
2 Discussion
As agreed in RAN1#83 meeting, single tone transmissions are supported for NB-IoT uplink transmissions. In this case, increasing the size of resource in time domain seems necessary. Thus, new PUSCH should be designed to support single tone (or small number of multiple tones) and extended time domain resources. As mentioned in our companion contribution [2], we can consider 8 subframes for a resource unit with a single tone assuming QPSK modulation. If pi/2 BPSK is considered because of PAPR, further increased resource unit size can be considered.
2.1 Continuous data symbol repetition 
One of PAPR/CM issue in single tone transmission is a phase difference between adjacent symbols. If the phase change occurs between adjacent symbols, signal loses constant envelop property and its PAPR/CM value can be increased. Moreover, to support UEs in extreme coverage, repetition of data transmission deserves consideration. To overcome these problems, repeating same data continuously can be used to reduce PAPR/CM value and increasing coverage in uplink transmission. Continuously symbol repetition can preserve constant envelope property during the repetition duration. Repeated symbols can be used for symbol combining to enhance the coverage of NB-IoT system. 
Proposal 1: Repeating same data symbol continuously to take a coverage extension and PAPR reduction simultaneously should be further considered for data mapping for NB-IoT PUSCH transmission.
Although continuous data symbol repetition can reduce the PAPR/CM value while preserving the repetition effect, the number of repetitions is constrained by several factors. In PUSCH transmission, DM-RS should be used for channel estimation for coherence demodulation. In LTE system, two DM-RS symbols are inserted in a subframe and time-multiplexed with data symbols. In general, phase change can be occurred between data symbol and DM-RS symbol. Thus, the number of data symbol repetition is limited by DM-RS symbol position. Also, the large number of continuous symbol repetition extends a TTI size which can cause the latency problem. Instead of repeating all data symbol continuously, it is preferable to transmit small size resource unit repeatedly to reduce a TTI size and to allow early detection at the receiver side. 
If we assume that two DM-RS symbol in a subframe, symbol repetition pattern and DM-RS position can have following approaches.

· Alt 1. Continuous 3 repetition data symbols and reuse the DM-RS position of legacy LTE system. 
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· Alt 2. Continuous 4 repetition data symbols. DM-RS occupies the 5th and the 10th symbol.
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· Alt 3. Continuous 6 repetition data symbols. DM-RS occupies the 1st and the 8th symbol (or 7th and 14th symbol). 
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Figure 1 shows PAPR and CM results of various symbol repetition types. PAPR and CM values of conventional method (no symbol repetition) shows the highest value than continuous data symbol repetition methods. The larger number of repetition, the smaller value of the PAPR and CM values are measured in uplink with single tone transmission.
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Figure 1  PAPR and CM results of single tone transmission with continuous data symbol repetition
The drawback of continuous data symbol repetition is that it extends the size of resource unit. Thus, in some cases, it is better to constrain the size of continuous repetition. Instead, coverage enhancement may possible with repetition of resource unit. 

Proposal 2: Sets of continuous repetition of the data symbol can be multiplexed with DM-RS symbols.DM-RS position can be determined in consideration of the repetition pattern of data symbol.
Proposal 3: Resource unit with continuous data symbol repetition can be transmitted repeatedly for coverage extension. 

2.2 Phase rotation with data symbol repetition

In continuous data symbol repetition, constant envelope can be preserved which can reduce the PAPR/CM value. However, after continuous data symbol repetition is over, phase of symbol can be changed and it can affect the PAPR/CM value. So, it is desirable to design signal to retain constant envelope property at the end of continuous data symbol repetition while preserving the advantage of continuous symbol repetition property.
· Alt 1. Phase rotation when the new data or DM-RS symbol is appeared. Phase rotation is not applied during the continuous data symbol repetition. However, when the new data symbol or DM-RS symbol is appeared, phase rotation scheme is applied for PAPR/CM value reduction. The level of phase rotation is determined by the modulation order. For example when BPSK is used, π/2 phase rotation is occurred when new data or DM-RS symbol is appeared. This method is simple but cannot suffer optimum PAPR/CM reduction.
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· Alt 2. Phase smoothing at two data symbols adjacent to the DM-RS symbol (i.e., 3rd and 6th data symbols in a slot in case of continuous 3 data symbols). Phase smoothing symbols change its constellation point to make soft phase transition between the data symbol and the DM-RS symbol. It induces the complexity in modulation and demodulation process. However, constant envelope property can be preserved better than Alt.1.
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· Alt 3. Combination of phase rotation and phase smoothing. Phase rotation can be used every position when the new data symbol or DM-RS symbol is appeared, but cannot suffer reduction of PAPR/CM value, especially in QPSK modulation. Otherwise, Phase smoothing can suffer nearly constant envelop property but it cannot be applied between two different continuous data symbol repetition set. Thus, phase rotation and phase smoothing can complement each other. So, the combination of phase rotation and phase smoothing can reduce more PAPR/CM value.
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Figure 2 and 3 shows the simulation results of PAPR and CM values of PAPR/CM reduction techniques with continuous data symbol repetition techniques. In both cases of PAPR and CM, combination of Alt. 1 and Alt. 2 outperforms others. 
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Figure 2  PAPR of single tone transmission with continuous data symbol repetition and PAPR/CM reduction techniques
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Figure 3  CM of single tone transmission with continuous data symbol repetition and PAPR/CM reduction techniques
Proposal 4: Phase rotation and/or phase smoothing can be used to reduce PAPR/CM value when continuous data symbol repetition is used for NB-IoT.
2.3 DM-RS sequence design 

In the legacy LTE system, each cell has its own DM-RS base sequence and sequence group can be generated from the base sequence. However, when the single tone transmission is used, the legacy frequency domain DM-RS sequence cannot be used. To overcome this problem, it is considerable to use DM-RS sequence on time domain instead of frequency domain one. In this method, symbols of DM-RS sequence are allocated to the distributed DM-RS symbol positions in a resource unit. Then eNodeB can capture its own DM-RS sequence from the correlation property of DM-RS sequence. Likes the legacy DM-RS sequence, DM-RS sequence on time domain should have good correlation properties to distinguish its own DM-RS sequence from other cell interference. Though utilizing legacy DM-RS can be considered, some changes may be necessary. For example, depending on the resource unit size or the size of DM-RS sequence over time-domain, DM-RS sequence length may be changed. In terms of DM-RS design, it should provide good auto correlation property for accurate channel estimation and cross correlation property to reduce interference from other cell. We can reuse the same DM-RS sequence of legacy LTE system or can tune it to the DM-RS design of NB-IoT. Also, it can be possible to design new DM-RS sequence for NB-IoT system.
Proposal 5: Time domain DM-RS sequence should be used for uplink NB-IoT transmission. For DM-RS design, inter-cell randomization should be considered. 
In the legacy LTE system, cyclic shift (CS) is used for sequence grouping. CS is equivalent to applying a phase ramp in the frequency domain. However, when single tone transmission is used for NB-IoT, CS cannot be used for sequence grouping. Instead of CS, phase ramp in time domain can be used for sequence grouping.  
Proposal 6: Phase ramp on time domain can be used for sequence grouping.
2.4 Frequency hopping
Frequency hopping can be used for PUSCH in NB-IoT system. Likewise the legacy LTE system, frequency hopping can be used for frequency diversity in NB-IoT. Furthermore, it can be used for inter-cell interference randomization. Cell specific frequency hopping pattern can be used to randomize the inter-cell interference.

 Proposal 7: Cell specific frequency hopping pattern can be used for inter cell interference randomization.
3 Conclusion

This contribution discusses a few aspects related to uplink design for NB-IoT. The following capture our proposals.
Proposal 1: Repeating same data symbol continuously to take a coverage extension and PAPR reduction simultaneously.

Proposal 2: Sets of continuous repetition of the data symbol can be multiplexed with DM-RS symbols.DM-RS position can be determined by the repetition pattern of data symbol.

Proposal 3: Resource unit with continuous data symbol repetition can be transmitted repeatedly for coverage extension while preserving the TTI size of the resource unit.
Proposal 4: Phase rotation and/or phase smoothing can be used to reduce PAPR/CM value when continuous data symbol repetition is used for NB-IoT.
Proposal 5: Time domain DM-RS sequence should be used for uplink NB-IoT transmission. Also, we can reuse DM-RS sequence design of the legacy LTE system.
Proposal 6: Phase ramp on time domain can be used for sequence grouping.
Proposal 7: Cell specific frequency hopping pattern can be used for inter cell interference randomization.
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